A PFM and PWM hybrid control strategy for high frequency switching power supply is designed in the article. Power supply working in heavy load mode uses PWM, and power supply at startup or working in light load mode uses PFM. The TIDM-PSFB-DCDC dc regulated power supply produced by TI company is used for experimental verification in hybrid control model. Programming by the STMS320F28335 chip goes on the hardware implementation of control strategy, and a detailed introduction and key statements of the procedure are given. Through the final experimental waveform, the power supply can work smoothly under the mixed control mode, and working conditions of heavy load and light load can be distinguished, and which improves the power supply's working efficiency.
Introduction
In the development of switching power supply, the high frequency and miniaturization have always been the goal of the researchers. At present, the switching frequency of switching power supply can reach up to 1MHz, and in the technology frequency of mature power supply products is basically 10K~100KHz. The main control modes of switching power supply are divided into two types: Pulse Frequency Modulation (PFM) and Pulse Width Modulation (PWM). The two methods have advantages and disadvantages. The PWM is more accurate, the steady-state error is small, and the working state is more stable, which is the more mainstream control mode at present and suitable for most heavy-loaded working environments. However, in light load, high working frequency can lead to low efficiency of power supply, while portable electronic products work in light load or standby mode in most of the time. In order to effectively increase the use time of battery and energy conservation, the control strategy of PFM is more advantageous in this kind of work [1] . This paper puts forward PFM and PWM hybrid control strategy for switching power supply, combined with the advantages of the two kinds of control modes, namely in heavy load PWM control method is used, and at the time of start and in light load PFM control is used. The control strategy was verified by TI company's TIDM-PSFB-DCDC power supply, and the control effect is satisfactory.
PFM and PWM Control Performance Analysis
Mainstream switching power supply DC-DC circuit topology includes, input direct current(DC) through inverter bridge that consists of four switching devices can be shut off into alternating current(AC), then through a transformer and its the secondary side, namely rectifier circuit composed of two single diodes, finally add the direct current(DC) on the load.
The core control content of DC-DC conversion process is the control mode of four shut-off switch pipes. When the diagonal switch tubes are conducted simultaneously, the primary side of the transformer will start to transfer energy to the secondary side. It is defined that when the QA and QD are conducted at the same time, the primary side current and voltage direction is positive, and when QB and QC are conducted, its current and voltage are in the opposite direction, in the secondary side of the transformer due to picking up two rectifier diodes, the both ends of the load are always DC voltage current. By changing the duty ratio D of the diagonal switch tubes, it can achieve the function of adjusting power and voltage on the load.
The control mode of PFM is to determine the opening time of the switch tube, then change the working frequency to adjust the size of the duty ratio D. When the power supply system works in light load, that is, when D is relatively small, the PFM control mode can reduce the working frequency and effectively save energy and economy. However, the disadvantage lies in its existence of steady-state error. The specific reasons are as follows [2] .
The control waveform of the power supply is basically given by the controller, and the DSP controller TMS320F28335 from TI company is taken as an example. It is controlled by EPWM module that DSP outputs pulse waveform, and when working firstly single time step Tsys of the controller is determined, and then the working frequency Ts of the power supply is determined, and in a power supply working period the time step number Tprd of the controller is deduced. When the EPWM module works in up-down mode as shown in Fig. 1, prd T calculation is shown in Eq. 1. In PFM control mode, the closed-loop control is realized by changing the frequency of the waveform, that is, the value of prd T is changed. The least variance of the frequency of power supply system is t ∆ , the calculation of the f ∆ is shown in Eq. 2.
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T PRD =75 T values 76, then the minimum variation t ∆ of the system frequency is 13.158 kHz. When the working frequency of the power supply system is 100KHz, the minimum variation t ∆ of the system frequency is 133.16 Hz, so which results in a steady-state band in the PFM control, as shown in Fig. 2 . The steady-state target value is never reached, and the situation is worse when the power supply frequency is higher.
When the controller uses the PWM control mode, the working frequency of the power supply switch tubes is constant, and the conduction time is changed. The variation of the minimum duty ratio is the minimum clock step Tsys of the controller, which can achieve higher control precision.
Hybrid Control Strategy for Switching Power Supply
Aiming at the advantages and disadvantages of two kinds of control methods, this paper proposes a hybrid control method of PWM and PFM, which enhances the performance of power supply. Firstly, PFM control is adopted in the startup of power supply. When the output voltage (or current) is close to the target value, it is tested that the circuit load is in light load mode or heavy load mode. Generally speaking, the circuit load rate which is less than 30% is light load, which is not strictly defined. In the load of constant current source, the resistance is small, so the load is light, and in the load of the constant pressure source, the resistance is big, so the load is light [3] . If the circuit is in a light load stage, then the use of PFM control mode will be continued. If the circuit is in the heavy load phase, the PWM control mode is used, and the flow chart is shown in Fig. 3 .
In this paper, the load rate of 30% is selected as the dividing line between light load and heavy load. When the output voltage or the current value is close to the target value, the controller begins to make a judgment on the control mode, which is defined as the frequency control boundary L. The value range of L is the key to determine the performance of the control system. If the boundary value is oversize, the power supply system may jump directly into the PFM control mode when the start-up stage is not finished. If the boundary value is undersize, the power supply may switch between PFM control mode and PWM control frequently, which results in unstable system. The value of the boundary L needs to be determined by experiment, and the general range is approximately ±5% to 25% of the target value [4] . then the duty ratio D is magnified, which achieves the effect of stabilizing output voltage [5] . The transfer function between e and D is:
In the Eq. 3 and Eq. 4, p k , i k and d k are proportional coefficient, integral coefficient and differential coefficient respectively. G is the linear adjustment coefficient, the power supply system is simulated by using MATLAB software.
The Implementation of Hybrid Control Strategy Based on TMS320F28335
This paper is based on the experiment of TI company's TIDM-PSFB-DCDC power supply. The input is 400V direct current, output steady voltage is 12V direct current, and rated power is 600W. Some upgrades and modifications are made on the existing experimental board to meet the requirement of this experimental design. The physical picture of experiment board is shown in Fig. 4 , the part of its main circuit is fixed, and the working frequency of the power supply is 100KHz. The control board was originally TMS320F28027 and now it is replaced with 28335. The switching mode of the switch tube is the phase-shifting control which is replaced by the dual polarity control. Eq. 3 and Eq. 4 can be calculated by invoking function in the IQmath library in the DSP procedure. TI company collects highly optimized and accurate mathematical function IQmath library, and converts floating point operation into arithmetic code of fixed algorithm, which is provided to TMS320C28X series chip for use and provides good calculation accuracy while saving the running time of the procedure. The path of the downloaded completely IQmath library file is added to the CCS program project and the CMD file is modified. It is important to note that the calculation of the inverse cosine function is not directly provided in the library. The inverse cosine function needs to be derived from the inverse tangent function as shown in the Eq. 5. I . The timer is used to trigger, and in the CPU timer0 interrupt enables(opens) the software trigger bit of ADC, that is, AdcRegs.ADCTRL2.bit.SOC_SEQ1 = 1. In initialization function void ADC_config(void) of ADC, the sample frequency of ADC, the number of sampling channels, ADC interrupt entry, and result sorting are configured. The sampling module of F28335 has 16 sampling channels. In order to improve the sampling accuracy, sequential sampling of the six channels is selected and totaled to compute the average. The working frequency of switching power supply is 100KHz, and the sampling frequency of ADC is set to 5MHz, which is 30 system clocks. The calculation program of PID feedback is written into the interrupt function of ADC, and the value of the duty ratio D is obtained according to the error measure. Then the ratio of load current I0 and the rated current is calculated, and in the program, whether the working state of the power supply is in the heavy-load state and whether the control mode of the switch power supply is PWM control or PFM control are judged. Next, it is the working process of EPWM module of the DSP chip.
Experimental Verification and Conclusion
This research was financially supported by the National Science Foundation. When 1Ω and 0.3Ω resistance loads are into the power supply, the output currents of 12A, 40A belong to a light-load and heavy-load working mode respectively. As shown in Fig. 5 , when the power supply works in PFM control mode the frequency of the driving waveform is around 10KHz, and when the power supply works under the mode of PWM the frequency of the driving waveform is around 100 KHz under rated operating frequency. The experiment verifies that PWM and PFM hybrid control strategies designed in this paper effectively run on TI company's TIDM-PSFB-DCDC power supply. It reduces the working frequency of switching power supply in light load, and improves the economic effect of power supply in working process. This control strategy is appropriate for most DC-DC switching power supply and has the promotion value.
